This paper proposes a novel approach to investigate the geography of accessibility and air pollution and tests it on the case of the Brussels Capital Region. First, we find a strong positive correlation between accessibility and air pollution, highlighting a trade-off that exists between two emblematic but antithetical externalities of agglomerations. Next, we focus on the outliers that escape this trade-off and we develop a methodology to combine their respective levels of accessibility and air pollution into a 'desirability' indicator. Finally, we analyse the distribution of the most and the least desirable neighbourhoods across the city: while we observe flagrant patterns of inequality, these do not reflect the socio-economic structure of the region, in apparent contrast with the literature on transport justice and environmental justice. The results show how positive and negative socio-ecological externalities can be two sides of the same agglomeration coin. The methodology proves to be relevant to further comparative research and policy making concerned with promoting a balanced progress of social, economic and environmental priorities.
Introduction
The physical proximity and the functional integration of people, firms and infrastructure that make up cities results in a range of -sometimes antithetical-socio-ecological externalities. These are referred to as agglomeration economies and diseconomies, and are positioned under the umbrella concepts of agglomeration benefits and congestion costs. But how are they related to each other? How are they distributed across the city and among people? How is it possible to analyse them simultaneously? To respond to these questions, we focus on two emblematic externalities of agglomeration, namely accessibility and air pollution, while taking the Brussels Capital Region (BCR), Belgium, as a case study. The combined analysis of correlated but off-setting externalities of agglomeration is relevant to understand long-term equilibrium outcomes of urban areas. Exploring in particular the relationship between air pollution and accessibility may provide arguments to support a more holistic approach to urban governance; it would contribute to bridge gaps between public health and spatial planning priorities (Verbeek & Boelens, 2016) , or provide important insights to the sustainable mobility discussion, which places emphasis on the need to combine the socioeconomic gains deriving from accessibility with urban liveability and environmental performance (Berger, Feindt, Holden, & Rubik, 2014) . In this context, the BCR is an especially illustrative case study, inasmuch as its mobility agenda was historically dominated by divergent visions of the city, prioritising respectively its accessibility or its liveability (Genard, Berger, & Vanhellemont, 2017) . According to the former vision, the priority is to be given to accessibility, possibly at the expenses of air quality, for instance through actively developing a more rapid and cost-effective metropolitan road network. For the latter, conversely, it is about setting the conditions for a liveable, non polluted urban core, possibly at the expenses of regional accessibility (Vanhellemont, 2016) . The objective of this article is to present a novel methodological approach to investigate the correlation between accessibility and air pollution, their relative distributions, and to test it on the Brussels Capital Region. In the remainder of the article we illustrate how these themes were researched within different bodies of literature; while agglomeration studies explore the presence of and the relation between positive and negative externalities, spatial justice research looks at their distribution in relation to socio-economic dynamics. Against this backdrop, we hypothesise a positive correlation between the two attributes. We also hypothesise that the relative distribution of accessibility and pollution reflects regional socio-economic stratification, whereby disadvantaged groups are penalised by high costs (air pollution) and low benefits (accessibility). Afterward, we present the data on accessibility and air pollution, as well as the methodology which we have developed to combine both sets of data into 'agglomeration' and 'desirability' indicators. Our analysis, which only confirms the first hypothesis, has policy implications within a sustainable mobility perspective. These implications are presented in the conclusion together with an indication of venues of further research. PM2.5, NO2 and O3 concentrations was estimated to be responsible for a total of almost half a million premature deaths in 2014, and of a wide range of adverse impacts on human health. In addition, air pollution has significant economic impacts, (by increasing healthcare costs and leading to working days loss) negative impact on ecosystems, agriculture and the built environment (European Environment Agency, 2017) . Despite a certain improvement over the last decades, air pollution is still a key health and environmental issue in the BCR too, with transport related NO2 and black carbon emissions being the main culprit (see Da Schio, de Geus, & Bouland, 2017 for an overview of the air pollution related issues in the BCR). Positive and negative externalities, we contend, are two sides of the agglomeration coin; if the forces of agglomeration economies make cities grow and thrive, various forms of congestion and overcrowding potentially hinder prosperity and people's well-being. Indeed, the very future of cities depends on figuring out a balance between benefits and costs, maintaining and enhancing the former while mitigating and reducing the latter (Glaeser, 1998 ; see also Brinkman, 2016 for an analysis of the tradeoff between agglomeration costs and benefits in the context of transport policy).
Spatial inequality of accessibility and pollution
The externalities of agglomeration are virtually nowhere distributed equally across space; development never takes place uniformly and the friction of distance unavoidably produces and reproduces spatial unevenness (Soja, 2010) . While 'inequality' is not inherently undesirable or unfair, it becomes 'injustice' when it reflects structurally imbalanced power relations. This concept, as opposed to inequality, implies an eminently normative claim about the distribution of given advantages and disadvantages, and about the processes leading to it (Walker, 2012) . The concept of spatial justice does not indicate simply another form of justice: it rather refers to the fact that justice is always inherently spatial, as much as space is inherently socialised and socially constructed. As our study simultaneously considers the distribution of accessibility and air pollution, we build on and combine the insights of the literature on two different manifestations of spatial justice and inequality, namely on justice and inequality related to transport and to the environment. The literature on transport justice shows how spatial inequality is produced and reproduced by the configuration of transport systems, including the locations they serve, the business models they adopt, and whether they provide for people with different abilities (Martens, 2016) . In this context, the notion of 'transport disadvantage' refers to the unequal distribution of the benefits of a transport system, including public transport and car accessibility, and 'transport-related social exclusion' to the potentially unjust conditions under which those who experience transport disadvantage are also socially excluded (Lucas, 2004 (Lucas, , 2012 . A review of transport surveys in different countries by Lucas (2012) found that those who experience transport disadvantage are usually the poorest and most socially disadvantaged within society, while the reverse direction (i.e. the extent to which limited mobility and access to services reduces social capital and leads to social exclusion) seems to be statistically less clear. The notion of environmental (in)justice and inequality, in turn, refers to the (spatial) distribution of environmental assets and vulnerabilities, and to its intertwining with social differences (Walker, 2012) . The empirical research investigating the uneven distribution of pollution among areas, individuals and social groups shows mixed results. Research dealing with North American cases consistently shows that areas populated by communities with a lower socio-economic status tend to experience higher concentrations of air pollutants (Hajat, Hsia, & O'Neill, 2015) . Studies conducted in European cities, conversely, reveal a more ambiguous picture. A 2010 review of European articles on social inequality and health risks related to ambient air quality, for instance, showed that in some cases, poorer people were found to be more exposed to air pollution, whereas the reverse was observed in other cases (Deguen & Zmirou-Navier, 2010) . Similarly, a 2017 study involving almost 6000 participants in 16 European cities also showed weak and inconsistent relations between individual socio-economic position and exposure to air pollution (i.e. NO2) across the studied cities (Temam et al., 2017) . Similar and related to the environmental justice and transport justice literature, but rooted in a different research community, are those studies that assess how environmental and accessibility indicators are correlated with property values. Actual and perceived air pollution, on the one hand, is shown to have a negative impact on housing demand, and consequently on values in urban real estate markets, as shown by various econometric studies (Luc Anselin & LozanoGracia, 2008; Harrison & Rubinfeld, 1978; Nelson, 1978; Ridker & Henning, 1967) . Another, more extensive line of inquiry analysed the assumed impact of accessibility on property values. The base hypothesis that better accessibility translates into higher real estate values was confirmed in a wide variety of contexts, including research by Srour et al. (2002) , which should not be too surprising considering the direct impact of location-based accessibility on the general ability to participate in all kinds of social activities. By reflecting the distribution of air pollution and accessibility, property values act as an intermediate variable and potentially reproduce patterns of spatial inequality (i.e. environmental and transport-related); neighbourhoods combining high levels of pollution and low levels of accessibility would be characterised by lower values, thereby attracting the poorest segments of the population, whereas neighbourhoods combining better scores of the two attributes would only be affordable to more well-off residents.
Research hypotheses
In our study, we explore the correlation between accessibility and air pollution as an emblematic case of socio-ecological trade-off between benefits and costs of agglomerations. If, generally speaking, the level of geographic accessibility is both due to the density of population and activities, and to the relative performance of the road and transport network, the former element is predominant in compact cities. In this context, it is not imaginary that neighbourhoods that show the highest levels of accessibility are also characterised by higher air pollution levels. While greater density of households and of interactions contributes to higher accessibility scores, it also implies greater concentration of emissions sources, resulting in higher concentrations of pollutants in the atmosphere. The complex relationship between these two types of externalities is illustrated respectively by the literature on transport justice and on environmental justice, which emphasise the association between transport disadvantage and environmental vulnerability as a result of socio-economic deprivation, with real estate value acting as intermediate variable. Compact and dense cities, however, seem to be characterised by an element of proximity and amalgamation, making the assumptions on the distribution of resources, vulnerabilities, and their relation with socioeconomic indicators not immediately applicable. We want to investigate this reasoning and we hypothesise that the level of air pollution in a given neighbourhood is positively correlated with its geographical accessibility (#1 -agglomeration hypothesis). In addition, we want to look at the distribution of neighbourhoods that deviate from this hypothetical correlation and at the links with the socio-economic stratification of the BCR. In this context, we propose the concept of 'desirability' as a property of neighbourhoods that combines high levels of accessibility with low levels of pollution. We use the term desirable in a limitative way, using an indicator which only combines accessibility and pollution and excludes the range of other costs and benefits of agglomerations. We also use it in a normative way, as we assume that low levels of pollution and high levels of accessibility are socio-ecological goods that describe desirable conditions for every person and place in the same way. In fact, certain groups, such as children and elderly people, are more vulnerable to air pollution than others. Similarly, car and public transport accessibility are likely to be valued in different ways by different people depending, for instance, on how they 'experience' the city, on whether and how they commute, or on car ownership and actual car use. Building on literature on transport justice and on environmental justice, we hypothesise that unequal distribution of 'desirability' across the BCR neighbourhoods reflects local socioeconomic status (#2 -spatial justice hypothesis). We limit our analysis to considerations regarding the distributive notion of inequality (e.g. as opposed to its procedural aspects), where the main stake is the distribution of resources and vulnerabilities, and its embeddedness in the sociospatial dialectic. Also, we choose to focus on the different levels of exposure to pollution and of accessibility, leaving questions related to need, vulnerability, merit and responsibility out of the scope of our paper.
Data

Accessibility
In this study, accessibility is conceptualized as interaction potential. More specifically, the accessibility of a given neighbourhood relative to other neighbourhoods depends on (a) travel time between origin and destination and on (b) the amount of 'opportunities' to interact with. Origins are defined as places of residence and destinations are broadly defined as 'opportunities', i.e. all possible activities people can engage in during the course of a day. To capture the complex and subjective range of these 'opportunities', this study uses population as a proxy for the available amount of opportunities, adopting the assumption that the concentration of people is the necessary precondition for any development of amenities. As past zoning practices and path dependent processes resulted in a heterogeneous, sometimes segregated urban landscape, the one-on-one relationship between people and opportunities does not always apply on a microlevel. Therefore, a possible underestimation of accessibility values next to clusters of job opportunities and services (e.g. shopping districts and North or European Quarter) is expected. Finally, travel time between origin and destination acts as a force of friction and hinders the potential to interact. As travel time largely depends on mode of transport, we produce separate maps using car based accessibility (data from TOMTOM, 2013) and public transport-based accessibility (data from Lebrun (forthcoming), see also Lebrun (2016) for a detailed description of the calculation method). Census wards will be used as a basic unit of analysis 1 . Translated to a workable definition, the accessibility (ACC) of a census ward (i) is defined as the sum of the number of residents (POP) of each census ward in the BCR (j) divided by the required travel time (Dij) to this census ward.
In the case of car accessibility, the distance measure (Dij) is derived from the TOMTOM-2013 database using the shortest path (Dijkstra algorithm) between the centroid of the census ward (i) and the centroids of all other census wards in the BCR (j). As a result, an unweighted average of the real-time traffic situation during a typical working day in the year 2013 is incorporated in Dij. In the case of public transport accessibility, median travel times at the morning peak hour are used, all four transport operators offering services in Brussels included (SNCB, STIB, De Lijn and TEC). As travel times by public transport can fluctuate heavily depending on the starting time, medians are used to address fluctuations in frequency and more accurately reflect actual use.
Air pollution
With regard to air pollution, we base our analysis on the 2015 data of the Atmosys annual air quality maps (Atmosys.eu, 2015) , produced by the Flemish Institute for Technological Research (VITO) and the Belgian Interregional Environment Agency (IRCELINE). These maps provide historical data records of air pollution for the entire Belgian territory with data on average exposure of different air pollutants, i.e. PM10, PM2.5, O3, and NO2. They result from a combination of two methods, namely the RIO and the IFDM models. The RIO model produces hourly concentration maps on a four square kilometre grid. It uses the measurements from the regional telemetric network and interpolates them while taking into account information about land use (Janssen, Dumont, Fierens, & Mensink, 2008) . The IFDM-model is a bi-Gaussian plume model, designed to simulate non-reactive pollutant dispersion at a local scale. It estimates the local concentration of pollutants based on emissions and meteorological data (Lefebvre & Vranckx, 2013) . The combination of the two models allows for the coupling of their respective strengths and for the estimation of air quality at a detailed spatial resolution. At the time of writing, the Atmosys air quality maps provide the most detailed and reliable information about air pollution in the BCR. Its main weakness is related to the fact that the RIO-IFDM is an 'open-street' twodimensional technique, which means that effects of street canyons and topography are not accounted for and that no information is available on traffic emissions in small and very 'low traffic' roads, for which data is estimated (Atmosys.eu, 2015) .The modelled values were aggregated to census wards by calculating the spatial average across the ward and attributing it to the ward's centroid. While the use of a wider spatial aggregation might blur the differences between places within the same census ward, it also reduces the aforementioned uncertainties, which are more pronounced at the microscale. In addition, this choice makes it possible to combine the air pollution and accessibility datasets in a meaningful way. For our analysis, we only use data on nitrogen dioxide (NO2). The direct impact on health of long term (moderate) exposure to this pollutant is difficult to isolate in epidemiological research. At the same time, NO2 is often used as a proxy for health-adverse pollution related to transport, as NO2 emissions are strongly correlated with the emission of a mixture of other pollutants that also originate from road transport, the health impacts of which have been recognised. NO2 is also among the most problematic pollutants in the BCR, as different monitoring stations record annual mean concentrations beyond the limit value authorised by the EU legislation (European Parliament & European Council, 2008; Bruxelles Environnement, 2015 , 2016a . On average, 47% of NO2 emissions are linked to road transport, 13% to urban background air pollution, and 40% to sources external to the region (Bruxelles Environnement, 2016b) .
Property values
We use property values as an intermediate socio-economic indicator between a neighbourhood's accessibility, air pollution levels, and the socio-economic status of the residents. In particular, we use the average sales price of two official categories of housing in the analysis, namely 'common' houses (row houses) and apartments. This data was made available by the Cadastre (national property registry) for sales of both types of homes in 2010 and 2011. These data are only representative to a certain extent, since some census wards only include a very small number of transactions, and furthermore no information is disclosed about the characteristics of the property sold.
Applied geographical scale level
We choose to conduct our analysis at the scale of the BCR for different reasons. As the accessibility analysis focuses on potential interaction between people from an urban agglomeration perspective, population density and current travel behaviour are the main determinants in the delineation of our research area. With respect to population density, falling levels are already present in the fringes of the administrative borders of the BCR (Institut Bruxellois de Statistique et d'Analyse, 2015) . Historically acting as an urban growth boundary (Boussauw, Allaert, & Witlox, 2013) , this relatively steep decline in population density lowers possible border effects on the outer parts of the BCR and would result in levels of accessibility only slightly lower than expected. With respect to travel behaviour, studies show that BCR residents are more likely to circulate only within the regional borders. Outward mobility, although slightly increasing (Barette, 2011) , still plays only a minor part in overall travel movements. Lastly, extending our research area beyond the densely populated area of the BCR would increase variation in pollution and accessibility scores with the risk of masking interesting details on the local level. The main objective of this article is to introduce a novel methodology to simultaneously analyse accessibility and air pollution and to test it on the territory of the BCR. In this context, the results need to be approached with a certain caution: if the BCR would have been a fully isolated urban area, the methodology would not suffer from any border distortion. Conversely, the region's agglomeration dynamics are not only explained by internal dynamics but are also partially affected by its embeddedness within the broader metro area and country. Overall, any geographical research imposes a choice of scale: While we propose the BCR as a case study, further research could build upon the tool we developed for this study and apply it for an analysis of the Brussels metropolitan area or as a tool of comparison with other urban or regional agglomerations.
Methods
Our methodological approach makes a complementary use of exploratory maps and correlation matrices and visualizations. The combination of both methods allows us to draw agglomeration and desirability maps. Through these maps and graphs, we analyse the geographic distribution of the different types of neighbourhoods and explore the possible relationships between socioeconomic characteristics and desirability. We first develop a number of maps based on absolute levels of air pollution and accessibility to provide insight into the characteristics of different neighbourhoods in the BCR at the census ward level 2 . To identify both geographical proximity and distribution of air pollution and accessibility, we conduct a spatial autocorrelation analysis. This is particularly useful to show if the variables under scrutiny present similar or different patterns in neighbouring locations and are therefore subject to spatial dependencies (Caschili, De Montis, & Trogu, 2015) . Figures 1, 2 and 3 are based on LISA 3 cluster visualisation (Anselin, 1995) and show clusters of census wards with above average values surrounded by above average values, and those showing below average values surrounded by below average values, indicating the clusters of census wards with a statistically significant deviation from the average. We look then at the correlation between the variables. We produce an exploratory Pearson's correlation matrix including the variables indicated above, namely public transport accessibility, car accessibility, annual mean concentration of NO2, and sales price of row houses and apartments. Statistically significant relationships are then tested for robustness by applying 'spatial lag' and 'spatial error' models that account for the possible effects of spatial autocorrelation. Spatial autocorrelation is the correlation between values of a variable resulting from the proximity of the locations where these values are measured. To control for this effect, we adopt a 'spatial regression' technique (Luc Anselin & Bera, 1998) . This method starts from a significance test for spatial autocorrelation based on the calculation of Moran's I. If the Moran's I test is significant (which is usually the case), the occurring kind of spatial dependence ('spatial lag' or 'spatial error') should be detected. Depending on the occurrence of spatial lag or spatial error, a regression model is selected that reduces the influence of these phenomena. Each of these calculations provide, inter alia, a regression coefficient, a measure of significance and a pseudo-coefficient of determination (pseudo-R2). To analyse the relative distribution of accessibility and pollution, we develop two indicators: the agglomeration indicator and the desirability indicator. The first allows us to rank census wards combining analogous levels of accessibility and pollution (high-high or low-low), the second to rank census wards that either present high levels of access and low levels of pollution or vice-2 Not all exploratory maps developed are included in this paper. 3 Local Indicators of Spatial Association versa. These indicators are obtained by normalizing the regression residuals (into z-scores) and multiplying these with the normalized (again into z-scores) accessibility values. Based on these indicators, we develop two combined agglomeration and desirability maps. These represent the geographical distribution of census wards, respectively characterised by (i) high levels of accessibility and pollution, (ii) low levels of both characteristics, (iii) above average accessibility, with below-expectation levels of pollution, and (iv) below average accessibility and aboveexpectation levels of pollution. Since the difference between the census wards that are close to the axes of average accessibility or expected exposure in figures 4 and 5 is often very small, assigning these wards to 'grey', 'green' or 'red' sectors might be rather artificial. This is why we only assigned colours to census wards if their level of access is at least 0.25 standard deviations above or below the average, and if simultaneously their experienced level of pollution is removed at least 0.25 standard deviations from the regression line.
Analysis & results
BCR geography of accessibility and pollution
Figures 1, 2 and 3 present local clusters of spatial autocorrelation with respect to car accessibility, public transport accessibility and NO2 annual mean concentration respectively. Red means that locally high values occur within a cluster of high values, under the condition that spatial autocorrelation is statistically significant (p-value < 0.05). Blue indicates the presence of low values within a cluster of low values. For the neighbourhoods in grey, spatial autocorrelation is not statistically significant. Figures 1 and 2 show that the entire central area of the BCR consists of a cluster of census wards with a good accessibility score. This area consists of the city centre (also known as 'the pentagon', for the shape of the historical city wall) and the so-called first belt, including a number of more affluent neighbourhoods south-east of the centre and the European district, and the western and southern popular neighbourhoods. The clusters of census wards with low accessibility scores are located in the periphery of the region, consisting of low-density neighbourhoods (including the Sonian forest and a number of industrial sites). As mentioned above, some border effects may be present here. Figure 3 shows a pattern of NO2 annual mean concentration that is rather concentric, although distorted by the presence of a number of important traffic arterials, which include the supply routes to the E40 and E19 national motorways and the inner ring road. The clusters of census wards with low pollution levels are mainly located in the wooded areas in the southeast of the region. Note that there is no border effect here, since the Atmosys model was developed for the whole of Belgium. Table 1 shows a Pearson's correlation matrix including all the variables listed above. We observe that car accessibility and public transport accessibility are highly correlated, indicating that, to a large extent, the road and the public transport network serve the city in a similar fashion. Both accessibility measures are highly correlated with pollution levels, which confirms our first hypothesis. We note, however, that the correlation with public transport is slightly weaker. There is no unambiguous correlation between property values and accessibility, on one hand, nor between property values and pollutions levels, on the other, as opposed to part of the literature (Srour, Kockelman, & Dunn, 2002; Luc Anselin & Lozano-Gracia, 2008; Harrison & Rubinfeld, 1978; Nelson, 1978; Ridker & Henning, 1967) . To a certain extent, this confirms that the postulates found within the transport and environment justice literature, suggesting that the distribution of accessibility and air pollution reflects socio-economic conditions, cannot be directly applied to the case of the BCR. Since we suspect that spatial autocorrelation is in play, we perform a Moran's I test, which shows statistically significant for all combinations. To control for spatial autocorrelation effects, we also perform 'spatial lag' (SL) and 'spatial error' (SE) regressions based on a 'rook' weights matrix. The results prove to be robust; the correlations remain significant, and R-squared's for all associations between accessibility metrics and NO2 levels remain high ( Figures 4 and 5 present a scatterplot of the correlation between the NO2 annual mean concentration and levels of accessibility at the level of the census ward (Pearson's correlation, as per Table 1 ). We identify four regions in the graph based on the mean level of accessibility and the regression line. The four regions correspond to four ideal-typical neighbourhoods. In the topright and the bottom-left corners (in grey) we find the ones that correspond to the 'norm', i.e. those which combine high levels of accessibility and high levels of pollution, or low levels of accessibility and low levels of pollution respectively. In the top-left corner (in red) we find the ones that deviate from the norm, possibly representing the worse conditions of lower-thanaverage accessibility and higher-than-expected levels of pollution. In the bottom-right corner (in green), finally, we find the presumably best conditions; in these census wards, accessibility levels are relatively high and pollution levels are lower than expected. These neighbourhoods are potentially the most desirable from a residential choice perspective and examples of urban structures from which we can learn. Tables 1 and 2 ) . Throughout the region, levels of car accessibility are higher than public transport accessibility, generally resulting in higher values both for the agglomeration and the desirability indicators.
Car accessibility
Starting from the city centre, we observe a number of census wards which are green in both maps (i.e. characterised by high levels of desirability). While pollution levels here are relatively high, these census wards are extremely centrally located and are very well served by transport infrastructure and in particular by the public transport network (which is why the central green area in Figure 6 , is larger than the one in Figure 7) . Next, the neighbourhoods at the border of the 'pentagon' are ultimate expressions of agglomeration dynamics, presenting both high costs (high levels of pollution) and benefits (high levels of accessibility both by car and by public transport). The petite ceinture, i.e. Brussels internal ring-road, has historically been one of the structuring axes of regional mobility both for cars and for public transport, hence the high level of accessibility in both maps. The high traffic along it, however, results also in extreme levels of pollution, which regularly exceed WHO and EU limits. The same situation is observed in some of the traffic arterials that irradiate toward the periphery as well as part of the eastern boulevard, running along the eastern part of the city midway between the petite ceinture and the external ring road. In the neighbourhoods immediately surrounding the historical city, i.e. in the so-called first belt (première couronne) and part of the second belt (deuxième couronne), we observe what are possibly the most desirable census wards, combining optimal conditions both in terms of accessibility and air quality. While they are still relatively central and densely populated, and thus show high levels of accessibility, they are characterised by average levels of pollution. With the exception of big arterials, traffic volumes are contained and no other major polluting source is located here. Further away from the city centre, we observe the worse performing census wards, combining high agglomeration costs (higher-than-expected pollution levels) with low benefits (lower-thanaverage accessibility levels). While the decentralised position and the low population density result in low accessibility scores, the presence of high density traffic routes possibly contributes to higher-than expected-pollution levels. In the southern fringe, where large wooded areas are located, we note a situation where the low-accessibility score is offset by the low pollution level. Figure 8 is useful to compare neighbourhoods which are better accessible either by car or by public transport, while visualising their air quality scores. The four maps are displayed on a matrix visualising car accessibility on the horizontal axis (high values on the right column and low values on the left column) and public transport accessibility on the vertical one (high values on the top row and low values on the bottom row). The map on the top-right corner shows the location of census wards with high levels of accessibility both by car and by public transport. The map on the bottom-left corner, conversely, shows the census wards with low levels of accessibility by car and by public transport. Considering the strong correlation between public transport and car accessibility, most census wards appear in these two maps. The other two maps show the location of the outliers, combining high levels of accessibility by public transport and low levels of accessibility by car (top-left corner), and the reverse (bottom-right corner).The colour coding indicates the NO2 annual mean concentration. We observe clear patterns for neighbourhoods that show high accessibility levels both by car and by public transport, which are generally highly polluted, as well as for those neighbourhoods that show low accessibility levels for both modes, which are generally less polluted. This is not the case for the maps showing the location of the outliers, both presenting various degrees of pollution levels. In other words, the map suggests that high levels of public transport accessibility in areas with low levels of car accessibility is not a guarantee for lower levels of air pollution. 
Uneven geography of benefits and costs
The section above illustrated how the location of agglomeration and desirability values follows a concentric pattern; going from the city-centre to the suburbs we observe a sequence of circular zones (albeit imperfect), displaying different conditions in terms of the agglomeration trade-off we introduced above. This is a picture which is fundamentally different from the one based on the city's socio-economic characteristics. Different studies show how the BCR socio-economic geography is largely based on the historical industrial axes along the Brussels-Antwerp canal, with underprivileged neighbourhoods concentrating poverty, unemployment, low education, poor health (etc.) located on the north-western part of the region (i.e. on the low lands, on the western bank of the canal), vis-à-vis the wealthier ones on the south-eastern part (Corijn & Vloeberghs, 2009, p. 226; Deboosere, Eggerickx, Van Hecke, & Wayens, 2009, p. 9) . Tables 1 and 2 already showed that neither air pollution nor accessibility are significantly correlated with property values. In addition, we also looked at the 10% most and least desirable census wards and at the residents' income, using the median of average income levels to distinguish between richer and poorer census wards. In both cases, the proportion of poorer and richer census wards is quite balanced and possibly favours poorer ones (respectively 56% poorer and 44% richer census wards among the ones showing high desirability, and 44% and 56% among the ones showing low desirability 4 ). In this context, we do not observe any correspondence between the distribution of the agglomeration costs and benefits on one hand, and socioeconomic characteristics of the residents on the other. This means that our second hypothesis is not confirmed (#2 -spatial justice hypothesis). Interestingly, however, other parameters related to our analysis such as the level of satisfaction with neighbourhood cleanliness or self-declared health status, have a somewhat stronger correlation to socio-economic characteristics, their geographic distribution reflecting the north-west/south-east divide along the canal (Institut Bruxellois de Statistique et d 'Analyse, 2001a 'Analyse, , 2001b .
Discussion and conclusion
In this article, we explored two characteristics of urban agglomerations, i.e. accessibility and pollution, their relation and their geographic and socio-economic distribution. Our analysis showed that there is a clear correlation between the two, thereby confirming our first hypothesis (i.e. the agglomeration hypothesis). Well-accessible neighbourhoods are those where much interaction is possible and are therefore the place where many people go -probably by car, considering the modal split in the BCR. The prevalence of high density traffic, in turn, results in higher concentrations of exhaust fumes. These findings provide empirical confirmation to the theoretical reflections on the socio-ecological externalities of urban common living, i.e. that there is a trade-off between positive and negative externalities. It also contributes to the policy literature on sustainable mobility, which does not seem to have provided much evidence in this respect. This trade-off, we should note, is a snapshot of the current condition as far as accessibility and pollution are concerned, and is not an indication of an unavoidable compromise. Stating whether and how this is acceptable and just for a specific neighbourhood or for the city as a whole is a normative claim that lies out of this scope of this article. The correlation identified does not apply to all neighbourhoods in Brussels. Through the desirability indicator, we have distinguished neighbourhoods that combine high levels of accessibility (i.e. above average) and low levels of pollution (i.e. below expectation). These neighbourhoods are examples representing relatively good conditions and show that it is possible to escape the agglomeration trade-off. In particular, we observe high levels of pollution and accessibility in the urban core and along the main traffic arterials; a belt of 'desirable' neighbourhoods surrounding the historical city, combining high levels of accessibility with belowexpectation levels of pollution; and finally, various clusters of low performing neighbourhoods situated at the BCR's fringes, with the exception of the southern suburbs. The strong correlation between car and public transport accessibility makes it difficult to draw conclusions on the levels of pollution of neighbourhoods that combine different levels of accessibility by car and by public transport.
Our analysis, on the other hand, does not provide conclusive results with respect to the relation between the distribution of the agglomeration benefits and costs and the regional socioeconomic stratification (i.e. the spatial justice hypothesis). Correlations between property values and accessibility, and between property values and air pollution are only weakly significant and partially inconsistent (Tables 1 and 2 ). Indeed, the more 'desirable' neighbourhoods (at least in relation to accessibility and pollution) can be found both in the more expensive and in the cheaper parts of the city. While we do observe flagrant patterns of spatial inequality, this does not immediately reflect the socio-economic structure of the region, as other mechanisms seem to dominate property values. One mechanism is probably related to the historical path dependency of the urban setting. The current geography of the city's socio-economic stratification, in fact, finds its roots in history, where the north-western neighbourhoods historically had the worst environmental conditions because of industrial activities in the 19th century or the location of the swamps before that. While property values have not adapted to the changing nature and location of air pollution, this might change in the future, considering the increasing concern BCR residents feel for air pollution (European Commission, 2015) . Another explanation could be related to the fact that pollution is by and large invisible to the naked eye and is therefore not easily reflected in the demand (or lack thereof) for housing in an area. Further research could explore the possible trade-off between accessibility and other agglomeration costs that are more easily 'sensed' by untrained people (e.g. noise, odours…). Finally, it is also possible that patterns of inequality exist within census wards, especially considering that pollution levels can greatly vary even within building blocks (e.g. depending on the floor, building ventilation, relative proximity to traffic arteries…). Overall, the analysis we propose is relevant for policy making inasmuch as it shows the diversity that exists across neighbourhoods. While, broadly speaking, accessibility and clean air can both be considered as amenities to strive for, the characteristics of a neighbourhood might make it more suitable to prioritise one or the other. Ambitious policies to reduce road capacity, for instance, are possibly suitable for neighbourhoods that are already well accessible but show high levels of pollution, while possibly being too burdensome for others. A similar reasoning could be made in terms of need-oriented provision of urban services, the location of which could be determined on the basis of particular needs or desires for accessibility (e.g. young professionals) or vulnerability to pollution (e.g. elderly people or children). We also propose a methodology to simultaneously analyse correlated but off-setting externalities of agglomerations. Further research could use a similar methodology to consider different geographical scales or conduct comparative research involving various urban agglomerations. Also, further research can build on our approach and explore other questions of spatial justice. These could focus, for instance, on issues of vulnerability (e.g. problems such as high levels of pollution and low levels of accessibility can have different and potentially unjust implications for different social groups) or on issues of responsibility (e.g. when exposure to pollution does not reflect contribution to it). In addition, we note that accessibility and levels of pollution at the home address provides a limited picture of personal exposure (Dewulf et al., 2016; Dons et al., 2011) . In that context, considering individuals' and groups' personal trajectories and capabilities will also contribute to providing relevant insights.
